In addition to its anti-inflammatory activity, Meriva ® , a proprietary lecithin formulation of curcumin, has been anecdotally reported to decrease acute pain in patients with various chronic diseases. Given that curcumin can desensitize transient receptor potential A1, a nociceptor seemingly also mediating the analgesic effect of acetaminophen, as well as inhibiting and downregulating the expression of cyclo-oxygenase 2, the selective target of nimesulide, a nonsteroidal anti-inflammatory agent, we carried out a pilot comparative study of the acute pain-relieving properties of these three agents. At a dose of 2 g (corresponding to 400 mg of curcumin), Meriva showed clear analgesic activity, comparable with that of a standard dose (1 g) of acetaminophen, but lower than that of a therapeutic (100 mg) dose of nimesulide. The analgesic activity of lower (1.5 g) doses of Meriva was less satisfactory, and the onset of activity was longer than that of nimesulide for both doses. On the other hand, gastric tolerability was significantly better than that of nimesulide and comparable with that of acetaminophen. Taken together, our results show that the preclinical analgesic properties of curcumin have clinical relevance, at least at a dose of 2 g as the Meriva formulation. While this dose is significantly higher than that used to relieve chronic inflammatory conditions (1-1.2 g/day), its pain-relieving activity could benefit from the general downregulation of the inflammatory response induced by curcumin, considering that the transient receptor potential channel-mediated mechanisms of analgesia are magnified by attenuation of inflammation. In patients on treatment with Meriva, this would also translate into better control of acute pain, providing a rationale for the analgesic properties associated with this curcumin formulation.
Introduction
With over 100 different molecular targets, curcumin is the archetypal pleiotropic dietary agent, 1 and is currently at the forefront of biomedical research, as cogently testified by the over 5150 entries for curcumin in PubMed, ie, about 10% of those for aspirin, the best known drug. The redundancy of targets makes it difficult to decipher the clinical translation of the biochemical signature of curcumin, but there is general agreement that the most important clinical targets of curcumin are transcription factors (NF-kB, STAT3, Nrf2), and that curcumin can exert beneficial effects by modulating the genomic and cell-signaling pathways involved in the inflammatory response. 1, 2 For this reason, the effects of curcumin are not expected to be immediately measurable but rather to develop gradually. 1 The dismally low oral bioavailability of curcumin has long hampered the clinical translation of its medicinal potential, 3 but this issue has now been substantially improved by various formulation strategies, with dispersion in lecithin, as in Meriva ® (Indena SpA, Milan, Italy) being the best documented in terms of comparative pharmacokinetics 4 and clinical efficacy. [5] [6] [7] [8] [9] During a series of recent clinical studies of Meriva for various chronic diseases, 5-9 a rapid analgesic effect was observed within 1-2 hours of ingestion by some patients. Similar anecdotal observations were reported by other users, raising the issue of the significance of these findings. These reports, and the recent discovery that curcumin can desensitize or inhibit a series of transient receptor potential ion channels involved in the generation of painful stimuli, ie, transient receptor potential cation channel 1 (TRPA1) and transient receptor potential cation channel subfamily V member 1 (TRPV1), [10] [11] [12] provided a rationale to investigate the activity of Meriva in the mitigation of acute pain.
Here we report a pilot comparative study of the analgesic properties of Meriva and two popular analgesic drugs, acetaminophen and nimesulide. The mechanism of action of acetaminophen has long been elusive, but has recently been related to the desensitization, by its quinone metabolite, of spinal TRPA1, 13 an ion channel that is also sensitive to the desensitizing activity of curcumin. 10, 11 As a powerful and rapidly acting cyclo-oxygenase 2 inhibitor, 14 nimesulide outperforms curcumin as a direct inhibitor of this enzyme but is nevertheless largely devoid of the genomic capacity to downregulate inflammatory cytokines, as shown by curcumin.
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Materials and methods
Fifteen subjects with acute algesic episodes were enrolled (Table 1) . Patients were excluded if they had a history of heart, renal, hepatic, or autoimmune disease, cancer, or gastroduodenal pathology. The lower and upper age limits for eligibility were 18 and 70 years, respectively. All patients signed a written informed consent before entering into the study, in accordance with the Declaration of Helsinki.
Treatment and evaluation
The subjects received four tablet containers, containing nimesulide 100 mg in the first container, acetaminophen 500 mg in the second container, and Meriva 500 mg in the third and fourth containers. The composition of Meriva is curcumin (20%), phosphatidylcholine (40%), and microcrystalline cellulose (40%). Participants were blinded to the product contained in the pills, that were simply named as A (nimesulide), B (acetaminophen), and C and D (Meriva). Meriva was supplied by Indena SpA, and nimesulide and acetaminophen were from commercial sources. The sequence of treatment was selected accordingly to the number of tablets to be taken, ie, one for nimesulide, two for acetaminophen, and three (first cycle) or four (second cycle) for Meriva.
The subjects were instructed to take one tablet of A on the first day of pain after enrollment, followed, after 48 hours of discontinuance, by two tablets of B, and, after further 24 hours of discontinuance, by three tablets of C. This protocol comprised the first cycle. In the protocol for the second cycle, subjects took one tablet of A on day 4, followed by two tablets of B and four tablets of D, always with the same 24-48-hour discontinuance cycle between treatments. The discontinuance between treatments was included in order to allow washout of the parent compound and/or active metabolites before intake of further treatment. This was of particular importance for nimesulide, which has an half-life of 2-5 hours but generates an active metabolite, ie, 4-hydroxynimesulide. Therefore, a 48-hour washout was always observed between treatments A and B and of 24 hours between treatments B and C.
Fourteen subjects participated in the first cycle and 15 participated in the second cycle; the difference in patient numbers was due to the fact that one patient, on antibiotic therapy for dental pain caused by pulpitis, was enrolled when the first cycle of the study had already been completed. All participants were allowed to take a second dose of the same product if pain perception was still significant 12 hours after the first dose. This opportunity was not utilized in practice, except for Meriva, which has a shorter duration of action than the two other agents. After each intake of medication, the subjects completed a questionnaire, with the assistance of a clinician, canvassing the following items: pain perception, estimated according to the five-point visual analog scale devised by Scott-Huskisson (0, nil; 1, slightly perceptible; 2, mild; 3, severe; 4, intolerable); tolerability on the day of submit your manuscript | www.dovepress.com
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Statistical analysis
Pain perception scores were analyzed according to a randomized block factorial design, and comparison between mean values were done using the Tukey-Kramer test. Correspondence analysis and the Pearson Chi-square test were used to assess tolerability, compliance, and presence of adverse events.
Results
Patient compliance with and tolerability of the treatments were analyzed using a detailed questionnaire. Compliance with treatment was very good for nimesulide and acetaminophen, good for Meriva 1.5 g (corresponding to 300 mg of curcumin) and fair to good for Meriva 2 g (corresponding to 400 mg of curcumin, Table 2 ). The latter observation can be explained by the fact that intake of four pills was uncomfortable for some subjects.
In general, all treatments were well tolerated (Table 3) , with tolerability being excellent for acetaminophen and Meriva 1.5 g, poor to fair for nimesulide, and fair to good for Meriva 2 g. No side effects were noticed for acetaminophen and Meriva 1.5 g, but a few subjects reported gastrointestinal discomfort (strong heartburn and gastroesophageal reflux, requiring antacid therapy) with nimesulide. Meriva 2 g also induced stomach heaviness, nausea, and heartburn in some participants, mostly those who had previously reported these side effects with nimesulide (Table 4) . However, unlike the gastric discomfort associated with nimesulide, that induced by Meriva had an early onset, so was possibly nonspecific, being related, apart from an increased sensitivity to gastric injury, to the sheer challenge of ingestion of four pills. To study the time course of analgesic activity, pain intensity Notes: Data are presented as the number of subjects reporting side effects after acute analgesic treatment. The number of subjects for each treatment cycle is reported in brackets. Gastric symptoms were stomach heaviness, nausea, and heartburn for Meriva 2 g, and strong heartburn and gastroesophageal reflux (requiring antacid therapy) for nimesulide 100 mg. *P , 0.0005, correspondence analysis; **P , 0.0009, Pearson Chi-square test; ***P , 0.0001, correspondence analysis; § P , 0.0006 Pearson Chi-square test.
was evaluated by the visual analog scale before and 0.5, 2, 3, 4, 6, 8, 12, and 24 hours after administration. Mean pain perception scores are reported in Figure 1 . The efficacy and safety results obtained for nimesulide and acetaminophen are consistent with those reported in the literature. A significant reduction in pain perception was observed 1-3 hours after taking nimesulide and 2-4 hours after taking acetaminophen. Conversely, Meriva 1.5 g had a statistically significant effect only after 3 hours, with an overall analgesic effect significantly lower than that of the other two drugs. In this cycle, nimesulide showed the highest and long-lasting analgesic effect, followed by acetaminophen.
While the results for nimesulide and acetaminophen were not markedly different from those observed in the first cycle, the higher dose of Meriva (2 g) reduced pain perception submit your manuscript | www.dovepress.com Dovepress Dovepress after 2 hours. The analgesic effect of Meriva 2 g lasted 4 hours, and a second dose was then necessary in some cases (after 6-8 hours for headache, 8 hours for neuropathic pain, and 12 hours for neuralgia and pain from osteoarthritis).
The analgesic effect of this Meriva dose was lower than that of nimesulide, but higher than that associated with acetaminophen. For all three agents, the effect was still significant 4 hours after administration.
Discussion
Analgesic properties have been reported for curcumin in preclinical studies. Curcumin can attenuate thermal hyperalgesia associated with diabetic neuropathic pain by inhibition of tumor necrosis alpha and nitric oxide release, 16 have an antihyperalgesic effect in a formalin-induced orofacial pain model in rats, 17 and decrease TRPV1-mediated pain hypersensitivity. 12 Further, intrathecal administration of curcumin significantly decreased the sensitivity of rats in the formalin test. 18 The relatively quick onset of these activities is at odds with the mainly genomic anti-inflammatory mechanism(s) of curcumin, suggesting a direct activity on the mechanism of translation of inflammatory stress into a painful sensation, a process where thermal transient receptor potential play a critical role. 19 Curcumin behaves as a combined TRPV1 inhibitor 12 and TRPA1 desensitizer, 10, 11 and this direct action is complemented by that mediated via inflammatory mediators, a major class of thermal transient receptor potential modulators. 19 However, the clinical relevance of these observations has not yet been evaluated.
To fill this gap in our knowledge, we carried out a pilot comparative study of curcumin (formulated as Meriva to improve its poor oral absorption) 4 and two popular analgesic drugs (acetaminophen and nimesulide). At a dose of 2 g (corresponding to 400 mg of curcumin), Meriva had a clear analgesic effect in subjects affected by acute pain, confirming anecdotal reports of the pain-relieving properties of this curcumin formulation. At this dose, the activity was higher than that associated with 500 mg of acetaminophen, while a lower dose of Meriva (1.5 g, corresponding to 300 mg of curcumin) gave only transient and often unsatisfactory relief of pain, indicative of suboptimal therapeutic plasma concentrations. The analgesic effect of Meriva achieved significance only 2 hours after administration, as observed for acetaminophen. Conversely, nimesulide was more rapidly acting, with strongest pain-relieving properties being reported one hour after administration.
At both doses used, the tolerability of Meriva was substantially better than that of nimesulide, which often requires concomitant administration of antacids to alleviate the gastric irritation associated with its use. The similarity of action of curcumin and acetaminophen supports the view that these compounds share the same mechanism of action, while nimesulide is a powerful inhibitor of cyclo-oxygenases, 14 a class of enzymes only modestly inhibited by curcumin in a direct way.
Taken together, our results show that preclinical data on the analgesic properties of curcumin have a clinical translation, at least at a dose of 2 g as in the Meriva formulation. While this dose of Meriva is significantly higher than that used to relief chronic inflammatory conditions (1-1.2 g/day), 8 its pain-relieving activity could benefit from general downregulation of the inflammatory response induced by curcumin, 
